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A RAPID VOLUMETRIC METHOD FOR 
THE APPROXIMATE ESTIMATION 
OF CHLOR1NE IN MILK 
By B. W. HAMMER AND D. E. BAILEY 
In work carried out at the Iowa Agricultural Experiment 
station on the variations in the flavor and odor of milk of in-
dividual animals, it was found that certain flavors, described 
by different judges as bitter or salty, were accompanied by a 
comparatively high chlorine content, as determined by a tit.ra-
tion of the milk with silver nitrate solution using pot.assium 
chromate as an indicator. Before studying in detail the corre-
lat.ion between a high chlorine content and certain abnormal 
flavors and odors, it seemed advisable to compare the results 
obtained by the titration of milk, using silver nitrate, with the 
results secured when the chlorine was determined in the ash of the 
milk. The present paper presents the data obtained in such 
comparIson. 
Abnormal flavors and odors in milk are quite common and 
may be due to anyone of a number of widely differing causes, 
prominent among which are bacteria, absorption, feeds, ad-
vanced lactation, and abnormal udders. Such flavors are most 
likely to be complained of when the milk represents the pro-
duct of ony one or two animals, since abnormal milk due to 
such causes as advanced lactation, and abnormal udders is not 
so commonly noticed when it is mixed with a considerable 
amount of normal milk. The determination of the cause of an 
abnormal flavor in milk commonly presents considerable dif-
ficulty particularly when the milk has been subjected to COIl 
ditions which permit of the development of bacteria. 
The score card for milk allots to "flavor and odor" 25 points 
out of the total of 100. The scores to be allowed a given sample 
on bacteria, fat, solids not fat and acidity are exactly deter-
mined by the laboratory results but the score on "flavor and 
odor" is left entirely to the judges, with nothing in t.he nature 
of test.s t.o aid them. While it is true that judges who have fre-
quently scored together agree very well in what they allow 
a certain sample on "flavor and odo,r ", it seems, from the 
published results of various scoring contests, that wide varia-
tions must exist in the country as a whole. 
A simple test. that would be of any assistance whatever in 
determining t.he cause of an abnormal flavor and odor in milk 
and in fixing the scorc to be allowed a sample of milk on 
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"flavor and odor" would be of considerable help. It seems 
from unpublished data secured at this station that a rapid 
method for the approximate determination of chlorine, such as 
a direct titration method using silver nitrate, may be of consid-
erable value, particularly in determining the cause of abnormal 
flavors and odors, while it may eventually prove of importance 
from the standpoint of the judge who is called upon to score 
milk for" flavor and odor." 
HISTORICAL 
ABNORMAL FLAVORS 
The taste of some of the alkali chlorides would indicate 
that they might have some relation to the flavors in milk de-
scribed as salty, bitter, etc., which usually occur at the end of 
the lactation period. 
Trunz1 gives the variations in the chlorine content of the 
milk of two cows during their lactation periods. The milk of 
each animal showed the maximullI chlorine content at the end 
of the period, the original chlorine cO:.ttent being more than 
doubled in one case. 
Steinegger and Allemann 2 report the analysis of several sam-
ples of what they called salty, bitter milk that came from dis-
eased udders. The percentages of sodium and chlorine in the 
ash were considera b ly increased while the other constituents 
except S03 showed decreases. Decreases were also found in the 
fat ancl sugar contents. 
Eckles and Shaw" mention an abnormal taste of the milk at 
the end of the lactation periods of the cows with which they 
were experimenting; they described it as rancid and bitter 
and think it must be a common occurrence, judging from the 
num bel' of inq uiries received in regard to it. 
Gabathuler4 states that Bogold and Stein report the analysis 
of three salty milks in which the percentages of sodium a.nd 
chlorine were considerably increased while all the other con-
stituents except S03 showed decreases. Gabathuler4 concludes 
from his own work that the increase in salty taste is due more 
to a decrease of the lactose content than to an increase in 
sodium chloride. He comes to this conclusion by making up a 
synthetic solution and suspension of a normal milk ash and 
trying out the effect of both a high and a low lactose content. 
lTrunz. A. tiber die mineralischen Bestandtheile der Kuhmilch und ihre Schwank-
ungen im Verlaufe einer Laktationsperiode. Zeit. fur Physiol. chemie 40: 263. 1903. 
2Steinegger, R. and Alleman. O. Beitrag zur Kenntnis der Beschaffenheit sal zig-
bitterer Milch. Landw. Jahl'. del' Schweiz 19: 531. 1905. 
'Eckles, C. H. and Shaw, R. H. The influence of the stage of lactation on the 
composition and properties of milk. Bull. Bureau of Animal Industry 155: 73 Ja 1913. 
4Gabathuler. A. Die Bedeutung des Milchzuckers fur die hygienische Beurteilung 
der Milch. Zeit. flir Fleisch und Mi!chyg. 25: 97. Ja 1915. 
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ESTIMATION OF CHLORINE IN MILK 
The estimation of chlorine in milk by titratioll with silver 
nitrate is I eportl'd hy Riehmond". Ill' states that. the chlorine 
content of Illilk ea n ue obtailled by titrating with N/ l0 silver 
nitrate using potassium chromate as an indicator. Ten c. c. of 
milk required as an average of 9 tests, 3.45 c. c. N/ 10 silver 
nitrate. The titrations varied from 3.35 c. c. to 3.6 c. c. 
Poetschke" criticizes this tit.ration method because of the in-
terference of the phosphates and the indefinite end point and 
he claims that the pioper end point cannot be obtained. In-
stead of changing to a reddish color, when all the chlorine has 
been converted to silver chloride, a yellow color, gradually 
becoming deeper and developing into an orange, is noted. A 
reddish color is observed only after a considerable excess of 
silver nit.rate has been added. Poetschke: determined the 
<;hlorine content of milk by removing the fat and proteins with 
copper sulphate and sodium hydroxide. The filtrate was then 
acidified with nitric acid and the determinat.ion finished by 
the V olhard method. He reports the results secured by direct 
titration on 10 c. c. samples of diluted and undiluted milk 
using the same amount of indicator and also the results se-
cured with his own method which he shows to be in close 
ngreement with the chlorine as found in the ash, as follows: 
Direct titration 
10 c. c . . undiluted 
.246 
.238 
.248 
.167 
10 c. c. diluted 
.324 
.276 
.315 
.334 
EXPERl.IJIIENTA~ 
METHODS USED 
Poetschke 
Method 
.180 
.167 
.188 
.194 
The direct titration of the milk with standard silvert nitrate 
was carried out as follows: A 5 c. c. sample of milk was placed 
in a 6 in. porcelain dish with 50 c. c. of distilled water and 1 c. c. 
of a 10% potassium chromate solution. Standard silver nitrate 
was then added with stirring until the first distinct change of 
color was noticed. The silver nitrate solution was made up so 
as t.o read direct: 2.4722 gms. of silver nitrate were dissolved 
in water and made up to a liter*, 1 c. c. of this solution being 
. Richmond, H . D. The composition of milk. The Analyst. 34: 208. My 1909. 
OPoetschke, P. The chlorine content of milk. Jour. Ind. and Eng. Chern. 4: 38. 
Ja 1912 . 
• In the comparative work carried out the silver nitrate solution was titrated against 
a standard chloride solution. but with pure silver nitrate this would apparently be 
unnecessary for most work. 
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equivalent to 0.01 % of chlorine when 5 c. c. (5.16 gms.) of milk 
were used. 'fhe above proportions of milk, water, and indi-
cator gave the most satisfactory end point, which altho it was 
not as distinct as in a water solution of chlorides, was quite 
easily determined. Duplicates agreeing within 0.1 c. c. of the 
silver nitrate solution were easily obtained when they were 
run at the same time. Results obtained on the same milk on 
different days showed somewhat more variation, due probably 
to the influence of the light on the intensity of the end point. 
'l'he data presented in table I, which were secured on two 
samples of milk, show the agreement on different days and 
between duplicates; the results are expressed as the number 
of c. c. of silver nitrate solution required for 5 c. c. of milk. 
TABLE I-RESULTS SECURED ON SAME MILK ON DIFFERENT 
DA YS AND IN DUPLICATES 
c. c. of AgNO, for 5 c. c. of Milk 
Sample 1 II Sample 2 
Date of I 1st 2nd II 15t 2nd titraticn titration titration titration titration 
Feb. 22, 1916 ........... '1 10.80 C'C' I 10.90 C'C' II 12.10 C'C' j 12.05 c;c. Feb. 23, 1916 ......... .. . 65 10.60 I 11.85 11.80 
Feb. 25, 1916 ..... . . . .... 10.75 10.85 11.85 11.90 
Feb. 28, 1916 ............ 10.90 10.90 12.00 12 . 05 
Feb. 29. 1916 ............ 10.85 10.85 I 11.70 . 11.75 
The determination of the actual chlorine content of the milk 
was made by ashing with sodium carbonate and titrating the 
ash by the use of the V olhard method. Fifty gms. of milk 
were weighed into a porcelain dish, 1 gm. of sodium carbonate . 
added and the mixture evaporated to dryness. It was then 
slowly ashed over a low flame until only carbon and mineral 
matter were left after which it was extracted with water and 
nitric acid and filtered. The residue was placed over a hotter 
flame until all the carbon was burned and the additional ash 
then added to the solution. 'fhe remainder of the determination 
was carried out by the usual Volhard method. 
Davies7 reports that sodium carbonate present to the extent of 
5% of the organic matter is sufficient to prevent colatilization 
of chlorides; a test was made, however, to see whether or not 
there was any loss when the outlined procedure was employed. 
A sample of milk was run by the usual method and milk from 
the same lot was ashed in platinum in an electric muffle. Dam-
mel's states that Cornelly reports the melting point of sodium 
chloride to be 772 to 776 deg. C. and that it volatilizes at this 
temperature, so the temperature of the furnace was held below 
600 deg. C. by the use of a pyrometer. The chlorides in the 
7Davies. H. E. The decomposition of chlorides by ignition with organic matter. 
Jour. of the Soc. of Chern. Ind. 20: 98 F 1901 
'Dammer, O. Handbuch der Anorganischen Chemie II 2: 127. 1894. 
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material ashed in the furnace were determined by precipitat-
ing as silver chloride and weighing. The results obtained in 
the comparison are presented in table II. 
TABLE II-COMPARISON OF ASHING METHOD USED WITH 
ASHING IN PLATINUM IN AN ELECTRIC MUFFLE 
BELOW 600 DEG. C. 
% CI by gravimetric method 
when ashed below 
600 deg. C. in a muffle 
.1062 
.1062 
% CI by Volhard's method 
when ashed over 
free flame 
.1067 
. 1073 
Another test of the method used was made by running a sam-
ple by the usual method and adding to milk from the same lot 
known amounts of chloride before analysis. 1 gm. of pure 
sodium chloride was dissolved in water and 25 c. c. of the solu-
tion, equivalent to .0152 gms. of chlorine were added to the 
duplicate samples. The results obtained are presented in 
table III. 
TABLE III-RECOVERY OF ADDED CHLORIDE BY THE 
ASHING METHOD FOLLOWED 
Gm. CI in milk and added sodium chloride .............. '1 
Gm. CI in milk alone .................................. . 
Gm. of added CI recovered ....... .... ..... .. ..•. . . ...... 
Gm. CI added .......................................... . 
.0692 
.0535 
.0157 
.0152 
.068& 
.0685. 
.015:k 
.0152" 
From the results obtained it is evident that the procedure 
followed does not cause a volatilization of the chlorine. 
COMPARISON OF THE TITRATION AND ASHING METHODS 
The percentage of chlorine was determined in 49 samples of 
milk by both the titration method and the ashing method for 
the purpose of ascertaining the accuracy of the former. Eleven 
of the samples were mixed milks, 33 were from individual ani-
mals and the character of 5 was unknown as the samples were 
taken from exhibits submitted for market milk contests. The 
results secured are presented in table IV. 
'1.'he direct titration method, as will be seen from Table IV, 
gave consistently higher results than the ashing method, the 
differences between the two varying from 0.017 % to 0.031 % 
with an average of 0.025 % . The average variation from 0.025% 
was only 0.003 %. From this it is seen that the difference be-
tween the titration and ashing methods is quite uniform and 
that the direct titration of milk with standard silver nitrate is 
a satisfactory index of the chlorine content. 
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TABLE IV-WHOLE MILK 
Comparison of the results obtained by the titration and ashing methods 
of determining chlorine 
Source Differ-
ence· I ot., o fat 1010 case:n 1_=-p_e-,-r _c,--e n_t_C_l_. - -/'( Direct I 
Titration Ash 
Mixed·~~l~ilnk~. -.-.-. . -.-.-•. -.-.-.-.. -.-.-.-.. ~----T---~~~1~2~3~+1 --.~09~4~5~-~--.~0~28~-
Mixed Milk ................... : 128 .0999 .028 
Mixed Milk ................... .137 .1070 .030 
Mixed Milk .... . .............. . 11 .0855.027 
Individual animal ........•.... .131 I .1067 .024 
Individual animal ............. .114 .0900.024 
Individual animal ... • ... . ..... . 129 .1090 .020 
Mixed Milk . .. ..... ... ... . . ... . 127 .1037 .023 
Individual animal .......... . . . .164 .1366 .027 
Mixed Milk ........ . ... ..•.... . 115 .0897.025 
Mixed Milk ........ . .......... .107 .0826 . 024 
Mixed Milk .... . .......... . . . . ... . ..... .111.0848.026 
El~:i Elm :::::::::::::::::::1::::::::: :m Jm :m 
Unknown . ... . .... . ... ... .. ... .115.0914.024 
Unknown .. ..... . . • .... • .. . . •. . 090 .0613 .029 
Unknown .. .. ............ . .... . 120 .0892.031 
Unknown .. . ..... . ............ . 102 .0728 .029 
Unknown ..................... . 120 .0963 .024 
Individual animal ......... . ... [. . . . . . . . . .154 .1302 .024 
~~~j~l~~:l :~j::::l :::::::: :::::1::::::::: : m : ~m : gg 
Individual animal . .. ... ....... .103 .0808 .022 
Individual animal ............. . 138 . 1107 .027 
Individual animal .... ... .... • . .144 . 1224 .022 
Individual animal ... ... ..... • . .121 . 1033 .018 
Ind"idual animal ....... . . . .•. .088.0603.028 
Individual animal .... ..•.... .. .117.0991.018 
Individual animal ............. .086.0556.030 
Individual animal ...... . ... .. . .098.0745.023 
Individual animal............. .160 . 1373 . 023 
Individual animal .. .......•... . 101 . 0765 .024 
Individual animal ....... . .... . . 140 .1219 .018 
Individual animal ............. .217 . 1940 .023 
Individual animal............. .111 .0841 .027 
Individual animal......... . .. . 3.3 2.4 . 139 .1187 .020 
Individual animal........ . .... 3.7 2.8 .097 .0726 .024 
Individual animal ........... .. 6.5 3.7 .081 .0504 .031 
Individual animal .. . .. . ..... .. 3.7 2.8 . 137 .1126 .024 
Individual animal . . .. ... . .... . 3.9 3.0 .141 .1144 .027 
Individual animal............. 5 .2 3.3 .081 .0517 .029 
Indiv idual animal....... ... ... 4.3 3.0 . 149 . 1240 .025 
Individual animal........ . .. . . 4.3 3.1 .159 .1283 .031 
Individual animal ... . ....... .. 3.1 2.7 . 155 . 1303 .025 
Individual animal..... . .. . . . .. 3 . 0 2.7 . 105 .07n~ .029 
Individual animal .... ... ...... 4 . 7 3.2 . 110 .0815 . 028 
Individual animal ............. 4.9 3.1 . 118 .0576 .030 
Individual animal . . ... . . . .. . .. 4.6 2.9 .109 . 0805 .028 
Average ....................... [ 4.3 3 . 0 .122 .0968 . 02E 
*The difference is carried out only to the third decimal place a:1 the t itration 
results are not obtained beyond that figure. 
Wit.h mixed milks the difference between the two methods 
was not quite as great as with the milk from individual animals. 
With mixed milk the differences varied from 0.023% to 0.030% 
and averaged .026% while the average variation from .026 % 
was 0.002 % ; with the milk from individual animals the differ-
ence varied from 0.017 % to 0.031 % and averaged .025 % while 
the average variation from .025 % was 0.003% . The smaller 
difference with mixed milk is undoubt.edly due to the fact that 
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peculiarities existing in the milk of individual animals are com-
pensated for, in part, when the milk is mixed with that from 
other animals. 
From the data secured in table IV it is evident that, by titrat-
ing milk with silver nitrate solution under the conditions out-
lined and subtracting .025 %, a result can be obtained for the 
chlorine which is very close to the value obtained by the ashing 
method. By following such a procedure the greatest error in 
the 49 samples examined would have been .008 % ; while such an 
error might be too great in certain types of work, it is believed 
that for many purposes the results obtained will be sufficiently 
accurate. The great saving in time effected by the use of the 
titration method will admit of chlorine determinations in many 
lines of study in which they are desirable but for which the 
ashing method is too time consuming. 
As determined by the ashing method the chlorine contents of 
the 11 samples of mixed milk, varied from .0714% to .1070% 
and averaged .0904% while with the 33 samples of milk from 
individual animals the chlorine contents varied from .0504% 
and .1940% and averaged .1012 % . 'rhe chlorine contents 
(ashing method ) of the 49 samples (5 additional of unknown his-
tories) of milk examined varied from .0504% to .1940% and 
averaged .0968% . 
CAUSE OF HIGHER RESULTS BY THE TITRATION METHOD 
III an attempt to find out the reasons for the higher results 
obtained by direct titration, tlie influence of the phosphates, fat 
and casein was studied. 
The influence of the phosphates was determined as follows: 
solutions of mono- and di-potassium phosphates were prepared 
of approximately the same strength as the soluble phosphates 
in milk (1 gm. KeHPO. to 250 c. c. and .75 g·m. KH2PO. to 250 
c. c. ) as was also a sodium chloride solution approximating the 
TABLE NO. V-INFLUENCE OF PHOSPHATES ON THE 
TITRATION RESULTS 
I I Difference in c. c. of s tandard No. c. c. stan.card AgNOa due to ti 
AgNOa reqUIred c. c. phosphate 
sol. 
Blank (water and indicator) ................. .. . 0.20 
5 c. c. NaCl sol.. . . . . . . .. . . . . . . . ... . .. . . . . . . . . . . . . . 11 . 10 
5 c. c. sk im milk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 .37 
5 c. c. KH.,PO, sol............................... 0.20 
5 c. c. NaCl+5 c. c. KH, PO. sol...... . .. . . .... .. 11 . 20 
5 c. c. K,HPO, sol................ ... ........ .... 0.30 
5 c. c. NaCl+5 c. c. K,HPO, sol.... .. ....... ...... 11.25 
5 c. c. NaCl+10 c . c. K ,HPO........ ... .......... 11 .40 
5 c. c . sk im +5 c. c. K ,HPO. sol..... ............. 11.55 
0.00 
0.10 
0.10 
0.15 
0.15 
0.18 . 
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chlorine content of milk; various combinations of phosphate 
and sodium chloride were then added to distilled water and 
titrations made with the results presented in table V. 
The results presented in table V indicate that the phosphates 
have little, if any influence, on the titration of chlorides with 
f>ilver nitrate using potassium chromate as an indicator. No 
influence would be expected from the monophos!lhat l:''l >;il1ce 
any formation of silver phosphate is accompanied by the for-
mation of nitric acid which would dissolve it. The diphosphates 
form silver phosphate, but apparently all the chlorine is com-
bined with silver and the chromate commences to combine be-
fore an appreciable amount of silver phosphate is formed. 
Th e casein was suspected of being the chief cause of th e 
higher r esults secured by the titration method, either because 
of absorption of the silver nitrate solution or because of the 
formation of a silver compound. To determine the influence of 
the casein as well as that of the fat , the percentage of these 
constituents were determined in the last 13 samples of milk 
reported in table IV, th e form er by Hart 's method gnd the latter 
by Babcock's. 
An examination of the data which are included in table IV 
shows that, in general, the higher the casein the greater is the 
excess of the direct titration of chlorine over the result se-
cured by ashing, altho the relationship between high casein 
contents and large differences is not entirely uniform. High 
fat contents are also associated with larger differences but since 
high fat cont.ents are associated with high casein values the 
r elationship between high fat contents and high differences nec-
essarily follows. 
In order to get more definite information on the influence of 
TABLE VI- SKIM MILK 
Comparison of the results obtained by the titration and ;uhing 
. methods of determining chlorine 
I 
Per cent Cl. 
Source % fat Direct Difference· 
Titration A sh 
Mixed Milk 
···· ················1 .02 . 126 .0991 . 027 Mixed Milk .. ........ .......... .04 . 125 . 1011 . 024 Mixed Milk .. . . ...... . ..... . ... .03 .120 .0947 . 025 
Mixe~ Milk ... . ... . . ........... .10 . 126 .1024 . 024 
Mixed Milk :::::::::: :: :::::: ::1 .24 . 152 .1272 .025 Mixed Milk .04 . 14 0 . 1132 .027 
Individual animal 
: : ::: : : : :: : : : I 
. 06" . 123 .0~ 14 . 032 
Individual animal 1.00" . 106 . 0778 .028 
Individual animal . . . . . . . . . . . . . .35·· . 112 .0835 . 028 
Individual animal ............. . 12·· .169 . 1340 .035 
Individual animal ............. .12" . 115 .0846 . 030 
Individual animal ... . .. ...... . .60" .161 .1339 . 027 
Average . . . . . . . . . . . . . . . . . . . . . . I .23 . 131 .1036 . 028 
.The difference is carried out onJ y to the third dec imal place as the titration resultl; 
are n ot obtained beyond that fi g ure. 
**Gravity skim. 
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casein and fat, chlorine determinations by the two methods 
were compared on 12 samples of skim milk and 11 samples of 
cream; the results obtained are presented in tables VI and VII. 
The differences between the two methods with ski.m milk varied 
from .024% to .035% and averaged 0.028%, while with cream 
they varied from .016% to .021% and averaged 0.019%. The 
T ABLE VII-CREAM 
Comparison of the results obtained by the titration and ashing 
methods of determining chlorine 
I Per cent CI. I Source % fat ~. Drcl~'r-:Cec:-;-t -'-------- Difference· 
Titration Ash 
E!~E g~::~ :::::: ~ : :: : ::: : : : :! tU JH : ~m : m 
~:~f: IffiL:i :! !!!~lM!1 !I! 
Mixed Cream ... . ...... . ...... . ! 17.5 .090 .0690 .021 
Mixed Cream ...... . . .. .... . ... : 21. 0 . 087 .0650 .021 
A7'-'ve:.:cr'-"a-ge:.:c'-C.-'--. -•• - . -•• - .-. ---' •• - . -•• - .-. ---' •• - . -. -•• - . ;-1.-. -.. -. -•. -.-. -•• -.;-1 -.084 .0650 . 019 
"See Table VI. 
average difference with the cream having a high per cent of 
fat (approximately 40%) was 0.017 while that having a low 
per cent of fat (approximately 20% ) it was 0.020. 
The casein content of the skim milk was undoubtedly some-
what higher than that of the whole milk while the casein con-
tent of the cream was lower, the casein content presumably be-
ing the lowest 'with the cream having the higher fat content. 
The percentages of fat and the comparative amounts of casein 
together with the average differencecs between the results ob-
tained by the two methods of chlorine determination are given 
in table VIII for the various materials studied. 
From the values presented in table VnI it is evi.dent that there 
is a general direct relationship between the extent of the differ-
ences between the two methods of chlorine determination and 
TABLE VIII-THE PERCENTAGES OF FAT AND THE COMPAR-
ATIVE AMOUNTS OF CASEIN TOGETHER WITH THE 
AVERAGE DIFFERENCES IN % CHLORINE 
Values by the Two Methods with Different Materials 
I Difference % Fat % Case'n in % CI. 
M~Sk~ii-k-.~~I~~-.-: -::-:-:.-.:-: -::-:-: -::-: -::-:-: -::-: ;-\--~~~:~~ -~-~~~:~~" -~-~:g~~~~--
Approx'mately 20 % cream ....... 1 19.2 2.5" . 020 
Approximately 40 ';-'n c1'eam ....... 1 40.0 1.9* .017 
-Estimated. 
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the amount of casein, while there is an inverse relationship 
between the fat content and the differences, the large percent-
ages of fat being accompanied by the lower differences between 
the two methods. Moreover, there is a big variation in the per-
centage of fat, while only a comparatively small variation in 
the differences secured between the two methods. Accordingly 
it seems that the fat can be of only little influence while the 
casein may be of considerable importance. 
'l'he influence of the casein was further studied by runni.ng 
chlorine determinations by the two methods on a sample of 
skim milk and also on whey secured from milk of the same lot 
as follows: equal amounts of rennet were added to duplicate 
samples of skim milk, one of which was heated to 80 deg. · C. 
before adding the rennet so that the enzyme would be destroyed 
as soon as it was added; whey was secured from the unheated 
milk by allowing coagulation to take place and then filtering. 
The results obtained in four comparisons are presented in table 
IX. 
TABLE IX-CHLORINE DETERMINATIONS BY THE TWO 
METHODS ON SKIM MILK AND WHEY 
Skim milk 
Titration Ash 
Differ-
ence I Per cent Cl. s~7:.- Direct [ 
T3 1- : ~rr : m""'~;---'--"":g;;;;~:;o~-
.124 ! .1034 .021 
4 I .121 I .0932 .028 
Whey 
II P~r cent Cl. \ Liffer-
ence 
Fro!u table 9 it will be seen that the differences between thf 
two methods when used on the four samples of skim milk ran 
from .021% to .032 % and averaged .0275% , while with the 4 
samples of whey they varied from .008% to .010% and averaged 
.009 % . These figures serve further to indicate that the greater 
part of the difference between the two methods is due to the 
casein present. 
From the data presented for skim milk and cream, it is evi-
dent that a value different than the value for milk (.025 %) 
should be subtracted from the titration figures for chlorine in 
order to approximate the result which would be secured by 
ashing. The number of samples of ski.m milk and cream exam-
ined is rather small but from tables 6 and 7 it seems that t.he 
value for skim milk should be .028% and for cream (our per-
centages of fat ran from 17.5 to 44%) .019 % . Tll our work the 
strength of the silver nitrate solution was not varied for skim 
milk and cream to accord with the variation in the average 
specific gravities between these products and whole milk. 
As an additional test of the influence of casein on th" titrfl -
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hon method of chlorine determination in milk a solution of 
casein was prepared by triturating purified casein with an 
excess of calcium carbonate, filtering, and diluting so as to 
have approximately 4 0/( casein. Five c. c. of this solution re-
quired 2.05 c. c. of the usual silver nitrate solution to effect the 
change of color, thus afford ing further proof that the casein 
is responsible for the high value secured with the titration 
methoo . 
SUMMARY 
'fhe object of the work reported in the present paper was 
to compare the results secured by the direct titration of the 
chlorine in milk with silver nitrate , using potassium chromate 
as an indicator, 'with the results secured by determining the 
chlorine in the a"h by the Vol hard method. 
The titration of the milk was carried out as follows: a 5 c. c. 
sample of milk was diluted in a porcelain dish with 50 c. c. of 
oistilled water and 1 c. c. of a 10% potassium chromate solution 
added. A silver nitrate solution was added until the first distinct 
change in color ( with stirring ) was noticed. 'l'he standaro silver 
lJitrate solution contained 2.4772 gms. per liter, ] c. c. being 
equiva lent to .0170 chlorine in 5 c. c. (5.16 gms. ) of milk. 
The results obtained by the titration method were compared 
with those obtained by the Volhard method on a solution of the 
ash of the same milk. The ash was obtained by careful ignition 
over a free flame after the addition of sodium carbonate. This 
procedure was shO'wn by a comparison with ignition in an elec-
tric muffle 11nder 600 deg. C. and also by the recovery of added 
chlorine to entai l no appreciable losses. 
The direct titration method gave consistent ly higher results 
on 40 samples of milk than the ashing method. With 11 sam-
ples of mixed milk the differences varied from .023 % to .030% 
and averaged .026% while with 33 samples from individulJ.l ani-
males the differences varied from .017 % to .031 % and averaged 
.025% . With the 49 samples (5 additional of 11nknown his-
tories ) the average difference was .025% . It follows that, by 
titrating whole milk under the conditions prescribed and sub-
tracting .025 % , chlor in e values can be obtained which are very 
close to the values secured by the ashing method. 
The chlorine contents of the 49 samples of milk, as deter-
mined by the ashing method , varied from .050:1: % to .1940% 
and averaged .0%8% . , 
The reason why the titration method gave hig'h results was 
sought in the phosphates, in the fat, and in the casein. 'fhe 
phosphates were shown to have bnt little influence on the titra-
tion values by adding mono- and di-potassium phosphate solu-
tions to milk or soclium ch loride solutions and finding only a 
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slight increase in the amount of silver nitrate solution re-
quired. The casein is believed to be largely responsible for 
the high values secured by the titration method and the fat of 
little importance for the following reasons: 
a. The differences between the two methods of chlorine de-
termination when used on whole milk, skim milk, and cream 
varied directly as the casein contents and inversely as the fat 
contents. 
b. An average difference on ·1 samples of skim milk of 
.0275% dropped to an average difference on 4 samples of whey 
from the same lots of milk (the casein was removed by means of 
rennet ) of .009 % . 
c. A solution of purified casein (approximately 4% ) re-
quired 2.05 c. c. of the usual silver nitrate solution to effect 
the change in color. 
With 12 samples of skim milk, the difference between the two 
methods of chlorine determination varied from .024% to .035% 
and averaged .028% while with 11 samples of cream (from 17.5 
to 44 % fat ) they varied from .016 % to .021 % and averaged 
.019 % . From this small amount of data, it seems that the 
figure to be subtracted from the titration values for chlorine 
in order to approximate the result secured by the ashing method 
should be .028 % for skim milk and .019 % for cream. 
CONCLUSIONS 
1. The direct titration of milk with standard silver nitrate 
solution using potassium chromate as an indicator gives a sat-
isfactory comparative index of the chlorine content. By sub-
tracting .025% from the results obtained by titration under 
the conditions specified, values for chlorine approximating the 
values secured by the ashing method can be obtained. The 
titration is carried out as follows: a 5 c. c. sample of milk is 
placed in a porcelain dish with 50 c. c. of distilled water and 
1 c. c. of a 10% potassium chromate solution. A silver nitrate 
solution made up so that 1 c. c. equals .01 % chlorine (2.4722 
gms. per liter) is then added with stirring until there is a 
distinct change in color. 
2. The chlorine contents of 49 samples of milk as deter-
mined by the ashing' method, varied from .0504 % to .1940% 
and averaged .0968 % . . 
3. The casein of the milk is apparently responsible to the 
largest extent for the high results obtained by the direct titra-
tion method, while the phosphates and fat have only little if 
any influence. 
